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ABSTRACT 
Pupil size is regulated by the amount of visible light entering the eye . 
The absorption spectra of some sunglasses show high absorption of visible 
light but poor absorption in the ultra-violet range. This causes an 
increase in pupil diameter allowing more damaging UV light to reach the 
lens and retina than if no lenses were worn. Pupils were measured by 
photography for each of the 25 subjects wearing each of the nine test 
lenses. The absorption spectrum of each of the lenses was measured using 
a spectrophotometer and light levels reaching the eye were calculated. 
All nine of the tested lenses caused a significant increase in pupil area 
(p=0.009, protected t-test). Lenses with a relatively higher 
transmittance in the UV range therefore pose an increased risk of damage 
to the ocular tissues. 
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Abstract: 
Pupil size is regulated by the amount of visible light entering the eye. 
The absorption spectra of some sunglasses show high absorption of visible 
light but poor absorption in the ultra-violet range. This causes an 
increase in pupil diameter allowing more damaging UV light to reach the 
lens and retina than if no lenses were worn. Pupils were measured by 
photography for each of the 25 subjects wearing each of the nine test 
lenses. The absorption spectrum of each of the lenses was measured using 
a spectrophotometer and light levels reaching the eye were calculated. 
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Introduction: 
Sunglasses represent a $1.3 billion per year industry in the U.S. and 
until recently, most consumers had no idea what they were buying in a 
sunglass lens. In recent years the American public has become concerned 
about ultraviolet radiation as it relates to suntanning and skin cancer. 
Much advertising has been done regarding sunblockers for the skin so it 
has been a logical extension that the public has become more concerned 
about UV eye protection. To aid the concerned public, new sunglass 
labeling requirements were imposed by the FDA in May of 1989. UV light 
directly from the sun is mainly a problem only in sunbathers but water, 
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sand and snow can reflect up to 85% of the UV light so many outdoor 
activities expose us to UV radiation.1 ,2,3 Any exposure that could result 
in sunburned skin could result in damage to the eyes. 
Ultra-Violet light is broken down into three categories, UV-A (400-
320nm), UV-8 (320-290nm) and UV-C (290-200nm). Approximately 97% 
of sunlight is in the UV-B band, and a very small proportion is in the UV-C 
band. 4 UV-C is largely absorbed by the ozone layer of the atmosphere and 
may become more of a problem in the future with the deterioration of that 
layer. What little reaches the eye is absorbed by the cornea with few 
significant problems. UV-B reaches the eye at much higher levels and is 
also mostly absorbed by the cornea with smaller amounts being absorbed 
in the aqueous and lens. It can cause solar keratitis and cataracts. A 
recent epidemiological survey of 838 Chesapeake Bay fishermen showed 
convincingly that the greater the exposure to UV-B radiation, the greater 
the risk of developing cortical lens opacities . The study also concluded 
that use of a brimmed hat and UV-B absorbing sunglasses would be 
advisable during significant sun exposure.s UV-A is absorbed 30-40% by 
the cornea and 35-55% by the lens with a small percentage reaching the 
retina. In the past ten years, investigations of UV radiation have shown 
that UV-A radiation is a factor in the in vitro generation of yellow 
fluorescent compounds and in protein cross-linking associated with lens 
aging and cataracts in the mouse, rat, and human.1 ,2 Especially at risk for 
retinal effects are the younger population who have clearer lenses. Over 
75% of UV-A radiation is transmitted by the lenses in persons under 10 
years of age, while in persons older than 25 years this decreases markedly 
to 10%.6 
In phakic individuals light from 400-1400nm penetrates the eye and 
falls upon the retina.? Boettner and Walter8 have shown that, for 365nm 
near-UV radiation incident to the cornea, 25°/o is absorbed by the cornea, 
11% by the aqueous humor, 64o/o by the lens, and less than 1% reaches the 
retina (Figure 1 ). This amount, in the normal individual is not enough to 
cause damage to the retina, at least at usual levels of light exposure. 
Removal of the lens as a protective filter exposes the retina to 
wavelengths above approximately 300 nm.4 At 325 and 350 nm, the retina 
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is approximately six times more sensitive to damage than to short 
wavelength visible radiation of 441 nm.9 This information should not be 
taken lightly since over 1 million cataract surgeries are performed 
annually. UV absorbing IOLs are now being used in cataract surgery by 
some practitioners but long term effects of these lenses on UV absorption 
have yet to be seen. UV radiation has been linked to premature onset of 
presbyopia1o and age-related macular degeneration.11 Exposure of the 
aphakic patient's retina to UV-A radiation may contribute to the 
development of aphakic or psuedophakic cystoid macular edema through a 
free-radical mediated mechanism. 
Materials and methods: 
Nine sunglasses were selected for testing. The different lenses 
represent a variety of tint colors and absorptive densities as well as 
retail price range from $1 to $100. The absorption spectra of the lenses 
were measured utilizing an apparatus consisting of an 82-410 .25 Meter 
Ebert monochrometer, a 26-780 Jarrell Ash power supply/amplifier, a 
17-732 E photomultiplier, and a 100 watt tungsten lamp source. 
Wavelengths were sampled at 20nm intervals to create a smooth curve 
across the spectrum from 220 to 760nm. 
The lighting apparatus consisted of a foil lined hood containing three 
500 watt and four 250 watt tungsten light sources (blue photoflood) all 
run at 105 volts. For convenience, spectral characteristics of one of the 
250 watt tungsten light sources were evaluated utilizing a Molectron PR-
200 pyroelectric radiometer in conjunction with the above mentioned 
monochromator. Because all the light sources were the same type, it was 
assumed that the spectral characteristics of the single lamp were 
representative of the others. 
Subjects were seated with the chin and forehead supported to control 
eye position. The subject's left eye faced into a light-shielded box 
containing a 35mm Nikon-F camera with a 55mm Micro Nikor lens and a 
Braun 2000 Variocomputer flash unit. The right eye was positioned under 
the lighting apparatus. A white cotton sheet surrounding the test area 
was used as a reflector (Figure 2). This created a horizontal illumination 
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of 19,000 lux at the level of the subject's right eye as measured with a 
Tektronix J16 Digital Photometer with J-6511 illuminance probe. 
Photographic transparencies were made of the unilluminated left eye 
while the right eye viewed a 20/200 acuity demand letter hung on the 
white cotton sheet at a distance of 1.2 meters. One photograph was taken 
without any sunglasses worn followed by photographs taken with the 
subject wearing each of the nine sunglasses. Every sunglass frame had 
the left lens removed so the eye co,uld be photographed without lens 
interference. Each subject held a millimeter rule against the lower lid as 
a measurement reference. Pupil size was measured by projecting the 
slide on a screen, and using a standard millimeter ruler to compare the 
image of the pupil with the image of the millimeter ruler in the 
photograph. Using this method, error of measurement from camera 
placement and exact distance to the subjects eye were minimized. 
RESULTS: 
With a light source producing 19,000 lux, we were able to simulate 
approximately one-fifth of the typical summer illuminance at the earth's 
surface from direct sunlight with the sun at zenith. The spectral output 
of the light source was relatively flat from 500-620 nm and dropped to 
very low levels below 380 nm. The output was extrapolated to zero at 
340nm; therefore, all lower wavelengths were given output values of zero. 
For analysis, the output spectrum values of the source were reduced by 
the percent absorption of each of the nine sunglasses for each of the 
wavelengths tested. Area under the resulting curve was calculated for 
UV-A (320-400) and Visible light (420-760) for each lens.(Table I) 
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Lens UV-A Visible 
number 
1 1.83 105.64 
2 1.92 64.9 
3 0.88 48.56 
4 16.71 199.14 
5 8.8 113.42 
6 4.53 62.59 
7 0 22.06 
8 0.59 99.19 
9 3.8 71.65 
Table 1: Relative amounts of light in the UV-A and visible bands reaching 
the eye through each lens. 
Average area change, in mm2, and average percent area change were 
calculated from the pupil slide measurements. All lenses caused an 
increase in pupil size as compared to pupil size without any lens (Table 
II). A paired 2-tailed T-test was used to compare pupil area without 
sunglasses to pupil area with each of the nine sunglasses. In each 
individual case the area change was highly significant (p = 0.0001 ), 
resulting in an overall significance level of 0.0009 for all nine T-tests. 
Lens Number Ave. Area Change Ave. %Area Change 
1 6.32 175 
2 6.75 182 
3 8.93 205 
4 1. 9 123 
5 4.17 150 
6 7.41 1 91 
7 7.18 188 
8 4.67 156 
9 5.76 168 
Table II: Increase in pupil area (mm2) for each lens tested 
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DISCUSSION: 
Accepting that UV light is detrimental to the human visual system, 
sunglasses that block UV from being transmitted to the eye are very 
important. With decreased illumination, the pupil dilates. Wearing 
spectacles that shade the eye by tints and spectral absorbers therefore 
has the potential to dilate the pupil even in intense lighting situations. In 
our experimental situations we found this to be the case. We tested nine 
different sunglasses for their ability to increase the pupil size in a 
controlled lighting situation and found, as expected, that all the 
sunglasses increased the pupil size (area) to some degree. The sunglasses 
with the greatest effect increased pupil area by over 2x. Some 
researchers have argued that although these dilation effects exist, the 
dilation is insignificant12. We disagree with this assumption. As shown 
in table Ill, the largest change is from sunglass #3 at 2.05X the 
unprotected pupil area; the smallest change being due to #4 at1 .23X . 
Sunglasses range widely in price and quality. Sunglasses that block a 
large portion of the visible spectrum allow the pupil to increase in size. 
If these sunglasses also have a large "window" in the UV region ,allowing 
a relatively higher transmittance in this range there is increased risk of 
damage to the ocular tissues. Although none of the lenses in this study 
showed a significant rise in UV transmission, a study by Anderson and 
Gebe!13 showed that two of the 25 sunglasses they tested showed a 7X 
larger transmission in the UV as compared to the visible portion of the 
spectrum. Depending on the visible light absorbance of such lenses, the 
amount of pupil dilation while wearing these lenses may be detrimental to 
the wearer. 
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64% Abs. (Lens) 
< 1 9/IS Abs . (Corn.e . l!) 25% Abs. (Cornea) 
100% 
119C Abs. (Aqueous) 
Figure 1: Absorption of Ocular Tissues 
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Figure 2: Top View of the Photographing Apparatus 
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